Two deoxyribonucleic acid (DNA) -dependent ribonucleic acid (RNA) polymerases (I, II) have been solubilized from isolated Saccharomyces cerevisiae nuclei. The enzymes can be separated by chromatography on O-diethylaminoethyl Sephadex. Both enzymes are active with high-molecular-weight nuclear yeast DNA, although RNA polymerase I has a higher affinity for polydeoxyadenylic-thymidylic acid and RNA polymerase II for denatured DNA. RNA polymerase I is active only with manganese. a-Amanitin inhibits only the activity of RNA polymerase II.
The isolation of ribonucleic acid (RNA) polymerase in a variety of organisms has provided new approaches to the study of gene regulation. In prokaryotic organisms, two interesting examples of the role of the RNA polymerases in the control of gene expression are the development of the bacteriophages T4 (19, 24) and T7 (5, 22) and the sporulation of Bacillus subtilis (12, 13) . However, very little is known about the role of the RNA polymerase in the control of the gene expression in eukaryotic organisms, where the presence of multiple RNA polymerase has been reported (3, 6, 9, 16, 17, 21) .
Since yeast exhibits a programmed synthesis of macromolecules during the cell cycle (23) and undergoes a typical developmental process of sporulation, it is an attractive system for the study of the role of the RNA polymerase in the regulation of transcription. The availability of methods to isolate nuclei (1) and high-molecular-weight deoxyribonucleic acid (DNA) (M. M. Bhargava, J. H. Cramer, and H. 0. Halvorson, Anal. Biochem, in press) from Saccharomyces cerevisiae has facilitated the study of the RNA polymerase present in yeast nuclei.
In this paper we report the solubilization of two DNA-dependent RNA polymerases from S. cerevisiae nuclei which differ in their chromatographic properties, template specificity, metal requirements, and drug sensitivity. MATERIALS Sonic treatment of the whole nuclei also leads to the solubilization of two RNA polymerase activities which can be separated on DEAE-Sephadex columns, but the activity solubilized is less than 50% of that obtained following treatment with the detergent mixture and high ionic strength. Table 1 summarizes the efficiency of the different treatments in the solubilization of the RNA polymerase activity from the nuclei. It can be seen that the treatment with KCl and the mixture of the nonionic detergents produces the highest yield of activity solubilized.
The activity of the RNA polymerase solubilized by this method is dependent on the presence of DNA and nucleoside triphosphates. Figure 1 shows the kinetics of the reaction and its partial inhibition with a-amanitin. The specific activity of the RNA polymerase solubilized from the nucleus is 200 pmol in 10 min per mg of protein using native nuclear yeast DNA as template. Table 2 summarizes the inhibition by aamanitin of nuclear RNA polymerase activity with different DNA templates. Although transcription of native nuclear yeast DNA and poly dAT is inhibited to approximately the same extent by a-amanitin (43 and 35%), transcription of denatured calf thymus DNA was reduced by 81%. Since inhibition by a-amanitin has been shown to be independent of the template used in the reaction (10), these results suggest the presence of more than one RNA polymerase in nuclear extracts.
Separation of RNA polymerases I and II from S. cerevisiae nuclei. Figure 2 shows the separation of two RNA polymerase activities extracted from nuclei with KCl and a mixture of detergents. These two peaks of activity The recovery of the activity after the DEAESephadex chromatography is almost 100%, and a purification of nearly 100-fold is obtained for each of the enzymes. The fractions which contain the RNA polymerase I and RNA polymerase II are devoid of detectable endoribonuclease and exoribonuclease activities.
Template specificity of RNA polymerase I and II. RNA polymerase I and II differ in their template specificity (Table 3) . dAT is the best template for RNA polymerase I; native or denatured yeast or calf thymus DNA are less effective templates. RNA polymerase II has a strong preference for denatured DNA, either yeast or calf thymus, and is less active with dAT and native DNA. These findings indicate that RNA polymerase II corresponds to the enzyme purified and described previously by Frederick et 
al. (7).
Metal specificity of RNA polymerase I and II. Both enzymes are dependent on the presence of a divalent cation in the incubation mixture, although they have different optima. Figure 4 shows the effect of different concentrations of manganese and magnesium on the enzymatic activity of the RNA polymerases. RNA polymerase I has a maximal activity at 2 mM manganese and is inhibited at concentrations lower than 1 mM or higher than 2 mM. The enzyme is also active with magnesium, but the activity is only 50% of the activity with manganese. The activity of RNA polymerase II is almost completely dependent on the presence of manganese, with an optimal concentra- tion between 2 and 10 mM.
Inhibition of RNA polymerase II by aamanitin. Figure 5 shows the effect of different concentrations of a-amanitin on the activity of RNA polymerase I and II. Whereas RNA polymerase I is insensitive to concentrations up to 50 ,ug/ml, RNA polymerase II is completely inhibited. At 2 ug/ml it is inhibited by 50%.
Rifampin, a typical inhibitor of the RNA polymerase of bacteria (25), does not have any effect on RNA polymerase I and II at concentrations up to 50 sg/ml. DISCUSSION The use of purified nuclei to study the enzymes involved in RNA synthesis in yeast has the advantage of a lower level of ribonuclease activity than is present in the cytoplasm or in the mitochondria. This low RNase activity in the nucleus makes it possible to study the RNA synthesized in vitro by nuclei homogenates under different conditions. The use of intact nuclei instead the homogenates is unfortunately limited by their osmotic fragility (1) .
Several methods can be used to solubilize the RNA polymerase activity from the nuclei. These methods involve treatment of the nuclei with nonionic detergents or sonic treatment in a high-ionic-strength medium. Treatment of the nuclei with 0.5 M KCl-detergents leads to a higher amount of activity solubilized, although the specific activity is lower than using 0.5 M KCl alone or in combination with sonic treatment due to increased solubilization of proteins from the nuclear membranes. Treatment of the nuclei with a lower salt concentration (e.g., 0.1 M KCI) selectively solubilizes RNA polymerase II. Treatment of the nuclei with a higher ionic strength leads to the solubilization of RNA polymerase I which can be separated from RNA polymerase II by DEAE-Sephadex chromatography. These results indicate that RNA polymerase I and II have, in vivo, a different degree of association with the chromatin or a different location inside the nucleus (e.g., nucleolus). It has been suggested that the dark crescents observed under phase micro- (20) . Our observations indicate that, after treatment of the nuclei with 0.1 M KCl, the dark crescents can still be seen under the phase microscope and they disappear after treatment with a higher salt concentration. These observations suggest a correlation between the solubilization of RNA polymerase I and the disappearance of these dark crescents, suggesting RNA polymerase I may be localized in these structures.
A comparison of the two enzymes separated from the yeast nuclei with the RNA polymerases solubilized from other eukaryotic organisms (2) shows that they share some common properties. RNA polymerase I is active with manganese or magnesium, can use native and denatured DNA as templates, and at least in rat liver has been located in the nucleolus (18) . RNA polymerase II is mainly active with manganese, prefers denatured DNA as a template, and is inhibited by a-amanitin. However, the inhibitor concentration of the drug is higher for the enzyme RNA polymerase II of yeast than for the corresponding enzyme of calf thymus (11) . In contrast to the RNA polymerases solubilized by Ponta et al. (16) from cellular extracts of S. cerevisiae, the preparations of RNA polymerase I and II described in this paper are much more active with nuclear yeast DNA. Furthermore, the activity of RNA polymerase I is higher with native yeast DNA than with denatured calf thymus DNA (Table  3) , whereas the corresponding RNA polymerase A of Ponta et al. (16) is 10 times more active with denatured DNA than with native yeast DNA. RNA polymerase II is also more active with yeast DNA than the corresponding RNA polymerase B. We believe that these differences are due to variations in the DNA preparations used as templates. A third RNA polymerase (III or C) has been reported in various eukaryotic organisms, (2, 16) but its instability has made difficult its characterization. The fact that this enzyme is not present in the nuclei extract prepared with our KCl-detergents treatment can be because it is not solubilized with this treatment or, as in Blastocladiella emersonii, is located in the mitochondria (8) .
The similarities of the properties of the RNA polymerases from fungi, amphibia, and mammalia suggest a common pattern in the transcription of their genomes. To account for a role of these enzymes in the control of the gene expression, a series of specific factors influencing their template specificity would seem likely. Unfortunately none of such factors has been found so far in eukaryotic organisms.
At the present moment the physiological role of the RNA polymerase I and II from nuclei of S. cerevisiae is not known. Our observations suggest that RNA polymerase I can be implicated in the transcription of the ribosomal genes, but an analysis of the RNA made by the two enzymes, when using native nuclear yeast DNA as a template, is necessary to test this possibility. Such product analysis is under current investigation in our laboratory.
